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SPECIFICATION 



BE IT KNOWN THAT WE SYOUJI HIGASHIDA and MASARU 
TAKAISHI both residing at c/o ROHM CO., LTD., 21,Saiin 
Mizosaki-cho, Ukyo-ku, Kyoto-shi, Japan, subjects of 
Japan, have invented certain new and useful improvements 
in 

SEMICONDUCTOR DEVICE 
of which the following is a specification:- 
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SEMICONDUCTOR DEVICE 
FIELD OF THE INVENTION 

[0001] The present invention relates to a semiconductor 
5 device such that a protective diode is connected between 
a gate and a source of a MOSFET or an insulating gate-type 
bipolar transistor (IGBT). More specif ically , the present 
invention relates to a semiconductor device which can reduce 
insertion resistance of the protective diode and increases 
10 electrostatic breakdown strength without enlarging a chip 
area . 

BACKGROUND ART 

[0002] Although a vertical MOSFET, for example, has been 
15 conventionally used as a switching device having a 
high-switching speed and a large output, the gate threshold 
voltage tends to reduce by thinning a gate insulating f ilm. 
The thinner the insulating film, even a little energy such 
as a static electricity is easy to insulating broken down. 
20 Therefore, a structure in which a protective diode is 
inserted between a gate and a source to discharge a static 
electricity has been conventionally used. The protective 
diode becomes a bidirectional zener diode by forming a p-n 
junction at peripheral portion of a gate electrode pad 
25 consisting of polysilicon film and is connected between the 
gate and the source, and Fig. 9(a) shows a sectional view 
of the vertical MOSFET having a structure provided with such 
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a protective diode. 

[0003] That is, an n^-type semiconductor layer 21 

(epitaxial grown layer) as a drain area, is epitaxial grown 
on an n*-type semiconductor substrate 21a, a p-type body 
5 area 22 is formed by diffusing a p-type impurity on a surface 
side thereof, and an n'^-type source area 23 is formed on 
a peripheral part of the body area 22. A gate electrode 
25 is provided on a surface side of the semiconductor layer 

21 positioned in an edge portion of the body area 22 and 
10 outside thereof through a gate oxide film 24. A source 

electrode (a source wiring) 27 is formed by Al through a 
contact hole provided on an interlayer insulating film 24 
so as to connect with the source area 23, and a drain 
electrode which is not shown is formed on a back side of 
15 the semiconductor substrate 21a, thereby forming an FET 
portion 20. 

[0004] As shown in a plan view of Fig. 9(b) , the body area 

22 is formed like a matrix, and a plurality of transistor 
cells are formed, whereby a power MOSFET corresponding to 

20 a high current is formed. 

[0005] Further, in a protective diode 30 is provided in 
a gate electrode pad 33 consisting of a polysilicon film 
which is formed on a surface of a p-type area 3 1 formed on 
the n-type semiconductor layer 21 by diffusion same as the 

25 body area 22 through an insulating layer 32, and as shown 
in a plan explanation view of Fig. 10(a), an n-type layer 
33a and a p-type layer 33b are alternately formed on a 
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peripheral portion of the gate electrode pad 33, whereby 
the most peripheral n-type layer 33a having an n-p-n-p- 
n connecting structure is connected to the above-mentioned 
source electrode 27. As a result, as shown in an equivalent 
5 circuit diagram of Fig. 10(b), the protective diode 30 
consisting of a bidirect ilnal zener diode ZD is formed 
between a gate G and a source S of the FET. In Fig. 9, a 
numeral 35 corresponds to a gate electrode pad for bonding 
and a gate wiring made of a metal such as Al formed to connect 

10 with the gate electrode pad 33 consisting of a polysilicon. 
[0006] As mentioned above, a conventional protective 
diode has a structure that the diode is provided on the 
peripheral portion of the gate electrode pad consisting of 
the polysilicon. In the structure provided on the 

15 peripheral portion of the gate electrode pad, a joint area 
of the protective diode (a length in a perpendicular 
direction for a p-n junction and a peripheral length of the 
gate electrode pad) cannot be enlarged sufficiently. 
Therefore, a withstanding voltage (breakdown voltage) can 

20 not be improved sufficiently since a series resistance of 
the protective diode is increased, there is a problem that 
the property is deteriorated due to becoming narrower a 
transistor cell, or a chip dimension must be enlarged, since 
the gate electrode pad must be enlarged. 

25 [0007] The present invention is made to solve such 

problems, and an object of the present invention is to 
provide a semiconductor device having a protect ive diode 
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that has a low series resistance and can realize its 
protective function sufficiently with utilizing unoccupied 
peripheral portion of a chip without enlarging a chip area 
( dimens ion ) . 

5 [0008] Another object of the present invention is to 
provide a semiconductor device having a structure that can 
transmit signals by a wiring, having a low resistance, on 
the whole of transistor cells, by utilizing the protective 
diode provided the peripheral portion of the chip without 

10 providing a gate finger in transistor cells, 

[0009] Still another object of the present invention is 
to provide a semiconductor device having the protective 
diode that can improve a breakdown strength by preventing 
a damage due to a partial breakdown of the protective diode 

15 or reducing a series resistance by selection of material 
thereof or enlarging a joint area. 

[0010] Still another object of the present invention is 
to provide a semiconductor device having a structure that 
improves a withstanding voltage of the most peripheral cell 
20 of transistor cell group. 

DISCLOSURE OF THE INVENTION 

[0011] The present inventors were devoted to study 

sufficiently for improving a breakdown strength against a 
25 surge and the like of a vertical MOSFET and the like, as 
a result, it is found out that even if a protective diode 
such as a zener diode is inserted between a gate and a source. 
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when a series resistance between the gate and the source 
increases, a gate insulating film breaks down before 
discharge by the protective diode, so that the protective 
diode can not realize its function sufficiently. And, it 
5 is found out that a breakdown strength can be improved by 
that the protective diode has a structure of p-n junction 
as wide as possible (the length in the perpendicular 
direction for the p-n junction is longer), and a connecting 
structure which has no series resistance element by 
10 contacting directly with metal wiring without using 
semiconductor layer. 

[0012] A semiconductor device according to the present 
invention has an insulating gate field effect transistor 
formed by arranging a plurality of transistor cells 

15 connected in parallel in a semiconductor layer and a 
protective diode connected between a gate and a source of 
the insulating gate field effect transistor to break down 
an input of constant voltage or more applied between the 
gate and the source, wherein the protective diode is formed 

20 as a bidirectional diode by forming one or more ring-shaped 
p-type layers and one or more n-type layers alternately and 
flatly on an insulating film at a peripheral portion than 
the arranged transistor cells, metal films contacting in 
ring-shape to the most inner layer and the most outer layer 

25 of the p-type layer or the n-type layer, and each of the 
metal films is successively formed with either a source 
wiring or a gate electrode pad consisting of a metal film. 
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respectively . Here , to contact in ring -shape means that 
is to successively or intermittently contact along 
circumference of the p-type layer or the n-type layer 
provided in ring-shape. 
5 [0013] In such a structure, a peripheral side of arranged 
trans istor cells becomes a peripheral portion of a 
semiconductor chip, the semiconductor chip typically has 
a space (field portion) for acquiring an end of a depletion 
layer around of a cell active area or in a peripheral portion 
10 of a chip, and the protective diode is formed on an 
insulating film in the space. Therefore, the protective 
diode is formed using a conventional unoccupied space 
without enlarging a chip area. 

[0014] Moreover, by forming the protective diode in 

15 ring-shape on the peripheral portion of the chip, the 
circumference length (the length in a perpendicular 
direction for a p-n junction direction, that is a p-n 
junction area) is formed approximately maximum for the chip 
size, thereby considerably lowering the series resistance 
20 in the p-n junction direction. In addition, a ring-shaped 
metal film is contacted on the most inner and the most outer 
semiconductor layers of the protective diode while either 
of the gate electrode pad or the source wiring is integrally 
connected to the most inner and the most outer ring-shaped 
25 metal films, so that considerably lower resistance is 
obtained since a diffusion area, a polysilicon film or the 
like is not used in a connector of both ends of the protective 



diode. As a result, the semiconductor device has a built-in 
protective diode having the very large breakdown strength 
without enlarging chip area and can be protected against 
static electricity. 
5 [0015] One ring-shaped metal film contacted with the most 
outer layer is a gate wiring successively formed with the 
gate electrode pad, and the other metal film contacted with 
the most inner layer is the source wiring, so that the 
ring-shaped metal film, the gate electrode pad and the 
10 source wiring can be formed as one layer simultaneously and 
eas ily , 

[0016] The one ring-shaped metal film is a gate wiring 
which has gate connecting portions so as to connect with 
gate electrodes of the transistor cells with partial 

15 striding over the protective diode, and the gate connecting 
portions and the source connecting portions of the source 
wiring which are contacted with the most inner layer are 
formed alternately in plan view to connect with gate 
electrode of each cell by metal wirings from the external 

20 part of chip, therefore signals can be transmitted to all 
cells and even cells in the far position from the gate 
electrode pad in a chip without attenuation and time-lag 
without providing a gate finger. 

[0017] The p-type layer and n-type layer are composed of 
25 at least one selected from polysilicon, amorphous silicon, 
single-crystal silicon on an insulating layer, SiC and SiGe. 
Particularly, it is preferable that the layers are composed 
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of Sic due to its low resistance value, approximately 1/10 
of resistance of silicon. 

[0018] The p-type layer and the n-type layer are formed 
so as to have the same width and the same concentration of 
5 impurities, in the same conduct ivity type respect ively . It 
is preferable that a breakdown strength is improved as a 
whole since power is distributed to all layers uniformly 
and is not concentrated on a certain layer when p-type layers 
and n-type layers comprising of the plurality of layers, 

10 even if high power, e.g. surge, is supplied thereto. 

[0019] A diffusion region having difference 

conductivity type from that of the semiconductor layer 
(substrate) is formed on the closest side to the protective 
diode of the arranged transistor cells, and the source 

15 wiring contacted to the most inner layer of the protective 
diode is also contacted to the diffusion region, so that 
it will be a field plate and a withstanding voltage will 
be improved. 

[0020] According to another aspect of the semiconductor 
20 device of the present invention, a structure as claimed in 
claim 1, wherein the p-type layer and the n-type layer 
consisting of the bidirectional diode are not planar 
alignment but are formed alternately in a height direction, 
and in such a structure, since a joint area of p-n junction 
25 can be enlarged greatly and a series resistance is lowered 
and operates surely as a diode for absorption such as a surge 
while a large current can be obtained, so that a breakdown 
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withstanding strength (amount) is also further improved - 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] Figs. 1(a) and 1(b) are explanation sectional and 
5 plan views showing an embodiment of a vertical MOSFET 
according to the present invention; 

[0022] Fig. 2 is an explanation a sectional view showing 
a modified example of the vertical MOSFET shown in Fig. 1; 
[0023] Figs. 3(a) to 3(e) are explanation views showing 

10 manufacturing steps for an example shown in Fig . 2 ; 

[0024] Fig. 4 is an explanation view showing an example 
shown in Fig. 1, and a pattern of a gate wiring and a source 
wiring in case of the most external gate wiring connecting 
to cell gate electrode; 

15 [0025] Fig. 5 is an explanation sectional view showing 
a modified example shown in Figs. 1(a) and 1(b), as same 
as Fig . 1(a); 

[0026] Fig. 6 is a partial explanation sectional view 
showing another modified example shown in Fig . 1(a) as same 
20 as Fig. 1; 

[0027] Fig. 7 is an explanation sectional view showing 
another example according to the present invention as same 
as Fig . 1(a); 

[0028] Figs. 8(a) and 8(b) are explanation views showing 
25 a problem in case of connecting of a protective diode through 
a diffusion area on a semiconductor layer; 
[0029] Figs. 9(a) and 9(b) are explanation sectional and 
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plan views showing a vertical MOSFET having a conventional 
protective diode. 

[0030] Figs. 10(a) and 10b are explanation views showing 
an electrode pad having a protective diode shown in Fig- 
5 9(a). 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0031] A description will be given of a semiconductor 
device according to the present invention with reference 

10 to drawings. The semiconductor device according to the 
present invention comprises a semiconductor layer 4 having 
a plurality of arranged transistor cells T, as shown in Fig. 
1 showing a sectional view of an example for peripheral part 
of chip of a vertical MOSFET ( A- A cross-section of Fig. 1(b) ) 

15 and an explanation plan view of whole of a chip. A 
polysilicon film is formed on an insulating film formed on 
an outer side than the plurality of arranged transistor 
cells T (the edge side of the chip), and ring-shaped p- 
type layers lb and n-type layers la are formed alternately 

20 and flatly in the polysilicon film to form a protective diode 
1. The most outer layer is contacted with a ring-shaped 
gate wiring 2 successively formed with a gate electrode pad 
which is composed of metal film such as Al , and the most 
inner layer is contacted with a source wiring 3 composed 

25 of metal film, there by the protective diode 1 is connected 
between a gate and a source of the transistor. 
[0032] As mentioned above, the present inventors were 
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devoted to study sufficiently about further improving of 
a breakdown strength, as a result, it is found out that even 
if a protective diode against surge is inserted between a 
gate and a source of a vertical MOSFET, they can not get 
5 desire breakdown strength, and in case of the protective 
diode such as a zener diode is inserted between a gate and 
a source, if the series resistance between a gate and a 
source will increase, a gate insulating film is broken down 
before discharging by the protective diode and the 

10 protective diode can not realize its function. That is, 
it is found out that since the protective diode has the 
series resistance by itself and by connecting via the 
diffusion area of the semiconductor layer, its resistance 
value has an effect on damage of the vertical MOSFET before 

15 the protective diode functions sufficiently. 

[0033] For example, it is found out that its resistance 
value is influenced grately by concentration of impurities 
doped in the polysilicon film constituting the protective 
diode 1, the length (the length in the p-n junction 

20 direction; the length in the perpendicular to p-n junction 
surface direction), the width (the length in the 
perpendicular to p-n junction direction; p-n junction area) . 
The concentration of impurities doped in the polysilicon 
film and its length (the length in the p-n junction 

25 direction) has an effect on a voltage breaking down the 
protective diode, thus the resistance value can not be set 
to only reduce, but its width (the length in the 
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perpendicular to p-n junction direction) has an effect on 
only resistance irrespective of the voltage breaking down 
and its series resistance can be decreased if its width is 
enlarged as large as possible, that is, ring of p-n junction 
5 is formed on enlarging peripheral portion of the chip. 
[0034] Further, even if the protective diode 30 is formed 
on the outer portion of the same chip, for example, shown 
in Fig. 8(a), when the source wiring 27a is formed on the 
edge side of the chip, if the source wiring 27a is not 

10 connected to the source wiring 27 via a p-well 31 formed 
on the surface of the semiconductor layer it can not formed 
at the same time with a gate wiring 35 and a gate electrode 
pad composed of metal film, and when the source wiring 27a 
is connected by a diffusion area such the p-well 31, sheet 

15 resistance of the diffusion area is, for example, 
approximately 200 Q/n(100 to 1 , 000 Q/D). So, in case of 
the length in connectig direction of the diffusion area 31 
is 100 ^m (refer Fig. 8(a)), the perimeter of the chip is 
1 mm X 4 = 4 mm, a wiring resistance R between a source and 

20 a gate is R = 100 ^m / 4mm x 200 Q / □ = 5 Q(2.5 to 25 Q). 
[0035] That is, as shown in Fig. 8(b) showing an 

equivalent circuit diagram, a structure has approximately 
resistance R = 5 Q is connected in series. In this state, 
the resistance value after breakdown of the protective diode 

25 must be reduced to approximately 10 Q to increase the 
electrostatic breakdown strength, however it is almost 
impossible to reduce the resistance value due to the 
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required concentration of impurities for the breaking down 
voltage. Therefore, such diffusion area can not be used 
even as a part in the connection structure of the protective 
diode, so it is found out that a wiring having low resistance 
5 is required being used for the connection structure. 

[0036] As shown in Fig. 1(b) showing the explanation plan 
view of Al pattern formed for a gate wiring 2 and a source 
wiring 3, the protective diode according to the present 
invention is formed in ring-shape on the peripheral part 

10 of the semiconductor chip. In a vertical MOSFET shown in 
Fig- 1(a), for example , as shown in Fig . 1(a) showing a part 
of it, transistor cells indicated as p-type body areas 5, 
are formed like a matrix. Thus, a space can not be formed 
in the cell active area, but there is a space (field portion) 

15 having a certain area in the external part of cell active 
area (the area where formed the source wiring 3 formed), 
the external part of semiconductor chip so as to terminate 
depletion layer in each of cells from cell as far as possible. 
For example, a polysilicon film is overlaid on the 

20 insulating film (field oxide film) 6 composed of SiO^ in 
the field portion, as well as the gate electrode pad composed 
of polysilicon and the gate electrode 8 of cells, and is 
patterned, then the n-type layers la and the p-type layer 
lb are arranged alternately, the plurality of p-n junctions 

25 are formed in series in a horizontal direction. 

[0037] Above-mentioned polysilicon film is formed so as 
to have a thickness of approximately 0.5 \im, for example. 
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the n-type layer la having a width of approximately 4 f.im 
and the p-type layer lb having a width of the same are formed 
in ring -shape to form a bidirectional diode . The 
concentration of the n-type layer la and p-type layer lb 
5 are, for example, approximately 5 x 10^° cm"% 7 x 10^^ cm" 
\ the concentration of impurities and the number of p- 
n junctions are controlled so as to get desire break down 
voltage. In manufacturing of the protective diode 1 by the 
n-type layer la and the p-type layers lb, for example, the 

10 p-type dopant is doped on whole of the polysilicon film, 
then the n-type dopant is doped in ring-shape so as to have 
the concent rat ion o f impurities whereby the n-type layer 
la and the p-type layer lb are doped alternately and flatly, 
thereby forming the bidirectional zener diode. 

15 [0038] The breakdown voltage of the protective diode 1 
can be almost controlled by adjusting the concentration of 
impurities as mentioned above, the concentration of 
impurities is adjusted ordinarily so as to have one diode 
having approximately 5 to 10 V of breakdown voltage. 

20 Moreover, for example, the protective diode is formed by 
forming three to four p-n junctions so as to break down at 
20 to 30 V. 

[0039] The gate wiring 2 is contacted to the most outer 
n-type layer la of the protective diode 1 . That is , as shown 
25 in Fig. 1(a), for example, after the protective diode 
composed of polysilicon and the gate electrode 8 of 
transistor cell are formed, then the interlayer insulating 
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layer 9 is formed and a contact hole is opened on the most 
external portion and the most internal portion of the 
protective diode 1, as shown in Fig. 1(b), the gate wiring 
2 being the continuation of the gate electrode pad, and the 
5 source wiring 3 are formed by patterning metal film such 
as Al film, formed on the whole of semiconductor device. 
As a result, the protective diode has a structure connected 
between the gate and the source by metal film wiring. 
[0040] As shown in one part in Fig. 1(a) , transistor cells 

10 are formed as follows, for example, the body regions 5 are 
arranged like a matrix by doping the p-type dopant into the 
surface of n-type epitaxial grown layer 4 having resistivity 
of approximately 0.1 Q'cm to tens Q-cm and a thickness of 
approximately a few ^m to tens |im grown epitaxially on the 

15 n'^-type semiconductor substrate 4a having a thickness of 
approximately 300 |nm, then the source regions 7 are formed 
by doping n-type impurities into the outer portion of the 
body regions 5, and the gate electrodes 8 are formed through 
the gate oxide film 6a on the channel regions around the 

20 body regions 5 formed between the source regions 7 and the 
n— type semiconductor layer 4. In the vertical MOSFET, the 
body regions 5 are formed like a matrix, as mentioned above, 
and the plurality of transistor cells are connected in 
parallel to get high electric current. 

25 [0041] Further, as mentioned above, the gate electrodes 
8 are formed by patterning polysilicon film at the same time 
with forming the protective diode portion 1 and doping one 
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kind of dopant. The interlayer insulating layer 9 is 
provided on the gate electrodes 8, then the contact hole 
is opened, as mentioned above, the source wiring 3 contacts 
to the source regions 7 of each transistor cells by providing 
5 Al or the like by vacuum deposition or the like. Further, 
the drain electrode 10 is formed on the backside of the 
semiconductor substrate 4a (which is shown thinner than 
other parts in Fig. 1) by depositing the metal for the 
electrode by the vapor deposition or the like. 

10 [0042] Due to the structure of the semiconductor device 
according to the present invention, the protective diode 
1 is formed so that the length in the perpendicular direction 
against the p-n junction direction (p-n junction area) is 
equivalent to the length of the circumference of the chip 

15 and almost the largest length, and the both edges of it are 
connected directly to the gate and the source by metal film 
made of Al or the like. Therefore, the series resistance 
between the gate and the source can be reduced subs tant ially - 
That is, wiring resistance by metal film can be 

20 approximately zero. As a result, its insert resistance can 
be lowered sufficiently, electrostatic breakdown strength 
can be increased sufficiently and ordinary breakdown 
strength, approximately 120 V, can be improved to 
approximately 1,000 V by adjusting desire concentration of 

25 impurities to get the breaking down voltage (the break down 
voltage is increased by enlarging of depletion layer due 
to reducing the concentration of impurities). 
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[0043] Moreover, according to the present invention, the 
protective diode is formed by using field part around the 
semiconductor chip where the device can not be formed 
because of holding the depletion layer , thus it is not 
5 required that the semiconductor chip area is enlarged. 
Further, the gate wiring and the source wiring can be formed 
at the same time and the effective protective diode can be 
produced without increasing manufacturing steps, since the 
gate wiring is contacted with the external layer of the 

10 protective diode. As a result, a region broken down easily 
such as the gate insulating film, is protected surely 
against applying static electricity and surge having larger 
power than the predetermined break down voltage with 
controlling break down voltage in accordance with the 

15 intended use. 

[0044] In the above-mentioned example, the transistor 
cells are formed up to the side of the edge of the 
semiconductor chip, it is preferred that the transistor 
cells are not formed on the endmost edge of the transistor 

20 cell group and only p'^-type areas 11 as same as body area 
are formed therein, the source wiring 3 is contacted with 
the diffusion regions 11, as shown in Fig, 2 showing the 
explanation section view as same as Fig. 1(a). As a result, 
the large curvature of depletion layer can be obtained and 

25 the concentration of electric field can be prevented, thus 
the breakdown strength can be improved. In Fig. 2, the 
explanation is omitted with marking the same signs which 
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are corresponding to the same parts in Fig. 1. 
[ 0045 ] Next , A description will be given of manufacturing 
steps for semiconductor device having a structure shown in 
Fig . 2 . At first , as shown in Fig. 3(a), an n-type epitaxial 
5 grown layer 4 having resistivity of 0.1 Q-cm to tens 

cm and a thickness of a few \\m. to tens f.im is grown on the 
n'^-type silicon substrate 4a being a drain. Then the oxide 
layer 6 having a thickness of several hundred nm is formed 
on there, the through oxide film layer 16 is formed by 

10 etching so as to open the part where the body regions 5 and 
the p'^-type diffusion regions 11 formed. Then, the boron 
(B), the p^-type dopant, is ion-implanted and the p-type 
body regions 5 and the p^-type diffusion regions 11 are 
formed by diffusing in the heat treatment. 

15 [0046] Next, as shown in Fig. 3(b), the oxide film in an 
active region, that is, the cell region is removed and a 
gate oxide film 6a is formed and a polysilicon film 8a for 
the gate electrode is deposited. The desire concentration 
to obtain the desire breakdown strength of the protective 

20 diode is realized by ion-implanting p-type element ion, e.g. 
B ion . 

[0047] Furthermore, as shown in Fig. 3(c), the 

polysilicon film 8a is patterned so as to form the gate 
electrode 8 to form the cell part, then the p-type dopant, 
25 e.g. B ion, is ion- implanted using the gate electrode 8 as 
a mask, the channel region 5a is formed by heat diffusion. 
In ion-implanting, the polysilicon film 8a of the protective 
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diode also is ion- implanted . When the concentration of 
ion-implanting is considerably lowered, it does not arise 
any problems, but when the amount of doze in this ion- 
implanting is approximately 10^^cm"% withstanding voltage 
5 of the protective diode 1 is controlled by the sum of 
concentrations of the first p-type ion-implanting and the 
p-type ion-implanting for forming the channel. 
[0048] Then, the mask 17 shown in Fig. 3(d) is formed by 
photresist, the n-type element ion is ion- implanted and the 

10 source area 7 is formed by the anneal treatment. In this 
case, the diffusion regions 11 are covered by the masks 17 
so as not to ion-implant the n-type ion, and the masks 17 
are formed on not only the diffusion regions 11 but also 
the protective diode simultaneously, as shown in Fig. 3(d), 

15 and the protective diode having p-n junction, having the 
n-type layers la and the p-type layers lb are formed by 
ion-implanting the same n-type dopont and anneal treatment, 
[0049] Then, as shown in Fig. 3(e), the interlayer 

insulating film 9 composed of PSG and the like is deposited 

20 by CVD at normal pressure. The contact hole is formed by 
patterning, the gate wiring 2, the gate electrode pad G and 
the source wiring 3 composed of metal film are formed by 
vapor deposition of Al and patterning to form the vertical 
MOSFET having the structure shown in Fig. 1. In this case, 

25 as shown in Fig. 1(b), the gate wiring 2 is patterned and 
formed so as to continue with the gate electrode pad G and 
cover to outside than the most external part of the 
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protective diode 1 . 

[0050] In the above mentioned example, the protective 
diode has the structure having the most internal layer of 
the protective diode connected to the source electrode and 
5 the most external layer connected to the metal layer on the 
external side by connecting to the gate electrode pad. The 
cells formed in the far position from the gate electrode 
pad are connected to the gate electrode of each cell through 
a polysilicon layer, so resistance value will increase and 

10 signal transmitting will delay. The structure having the 
component called gate finger composed of metal film is 
installed between partial cell rows may be adopted to solve 
the above problem, but installing gate finger rises the 
problem of reducing of the number of cells . However it will 

15 be possible to connect to even gate electrodes of the cells 
in the far pos it ion from the gate electrode pad , through 
the metal film formed on the external part of the chip 
because the structure having the metal film connected to 
the gate electrode pad, formed on the external part of the 

20 chip according to the present invention is adopted, thus 
the signal transmitting to all cells will can be made early 
[0051] That is, as shown in Fig . 4 showing the explanation 
plan view of a partial of the gate wiring 2 formed on the 
most outer portion and the source wiring 3, connecting 

25 portion 3a for connecting the source wiring 3 and the most 
internal layer of the protective diode 1 and connecting 
portion 2a for connecting each gate electrodes of the cells 
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and the gate wiring 2 are formed alternately, as shown in 
Fig. 4, they are formed in patterns of combs, which teeth 
are engaged each other. With thanks of this, the gate 
electrode pad can be connected to the most external cells 
5 in the cell group thorough the metal film. 

[0052] In each of the above examples, the most inner 
n-type layer or p-type layer and the source wiring are 
contacted in series and the most outer n-type layer or p-type 
layer and the gate wiring are contacted in series to contact 

10 the most external and the most internal of the protective 
diode by using metal film, e.g. Al , it is preferable because 
all metal electrode films can be formed by single patterning. 
But, as shown in Fig. 5, the most inner n-type layer or p-type 
layer of the protective diode and the gate electrode pad 

15 2 may be contacted directly and the most outer n-type layer 
or p-type layer and the source wiring may be contacted 
directly. Thereby, manufacturing steps for the 
semiconductor device increase since it is required that the 
source wiring 3 and the metal wiring 13 contacting to the 

20 most outer n-type layer or p-type layer are connected by 
the metal wiring 14 installed again through the insulating 
layer 15. However, both edges of the protective diode can 
connect the source wiring 13 and the gate electrode pad 
directly by only metal wirings, so the protective diode 1 

25 having the low series resistance can be inserted between 
the source and the gate. 

[0053] Furthermore, in the above mentioned example. 
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although the protective diode is made from polysilicon, even 
if polysilicon is not used for the protective diode, 
components forming n-type layer and p-type layer can be used 
for it, amorphous silicon, single-crystal silicon formed 
5 on an insulating layer, single-crystal, polycrystall ine or 
amorphous SiC and SiGe and the like can be used for it. 
Particularly, SiC has the low resistance value, 1/10 of the 
resistance of silicon, and has a great effect to reduce the 
series resistance. 

10 [0054] In addition, in the above mentioned examples, 

although the n-type layers la and p-type layers lb 
constituting the protective diode 1 are formed in the same 
width, as shown in Fig. 6, the width a of the n-type layers 
lb and the width b of the p-type layer lb may be different. 

15 However it is preferable that the width and the 
concentration of the impurities of each of the n-type layers 
is the same and the width and the concentration of the 
impurities of each of the p-type layers is the same, 
respectively. Because the weakest layer is broken down 

20 easily by concentration of the surge when surge is applied 
in the case of forming the plurality of n-type layers and 
p-type layers. If each layer is formed uniformly, applied 
surge is distributed equality to each layer thereby 
breakdown strength increases, it is preferable that 

25 breakdown strength is improved - 

[0055] In the above mentioned example, the n-type layers 
and the p-type layers of the protective diode are formed 
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alternately and flatly, because of such a structure the 
protective diode can be formed by only forming a single 
semiconductor layer, patterning and doping. But as shown 
in Fig, 7, n-type layers la and p-type layers lb may be 
5 deposited vertically . In this case, each layer has a 
thickness of approximately 0.5 to 2^m, and the concentration 
of the impurities of the n-type layers and the p-type layers 
are almost equal to the concentration in the above example, 
respectively, and the dopant can be doped with forming each 

10 film. In this case, it is preferable that the bottom layer 
and the top layer have the higher concentration of 
impurities than other layers. Due to this structure, the 
p-n junction area can be enlarged greatly, the series 
resistance is reduced, so it is possible to apply high 

15 electric current and have a built-in protective diode having 
the high breakdown strength. Also, in this case, one edge 
of the protective diode, the lowest layer and other edge, 
top layer are contacted by the metal films which are formed 
as a continuation of the gate electrode pad 2 and the source 

20 wiring 3. They can be contacted by whichever the source 
wiring or the gate electrode pad. 

[0056] Although the above each example is example of the 
vertical MOSFET, an insulating gate type bipolar transistor 
(IGBT) installed additionally a bipolar transistor into the 
25 vertical MOSFET is produced as well as the vertical MOSFET, 
in a bipolar transistor, there is the unoccupied space on 
the external side of the chip and the protective diode can 
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be formed on the insulating layer to prevent breakdown 
between the base and the emitter when the protective diode 
is connected between the electrodes, as well as the vertical 
MOSFET . 

5 [0057] According to the present invention, the 

protective diode can be formed by using unoccupied space 
of the semiconductor chip without enlarging the gate 
electrode pad composed of polysilicon, and it is possible 
to get very large electrostatic breakdown strength since 
10 the series resistance reduce with keeping desire break down 
voltage. As a result, the reliable semiconductor device 
having the small semiconductor chip including many cells 
and the large electrostatic breakdown strength, can be 
provided . 

15 

INDUSTRIAL APPLICATION 

[0058] According to the present invention, the switching 
semiconductor device having the large electrostatic 
breakdown strength and the high electric current is obtained. 
20 So it is used for DVDs, portable audios , power source ICs 
such as switching power source, motor drivers, and solenoid 
drives . 



